Wire electric discharge machining (WEDM) is one of the advanced machining processes. Response surface methodology coupled with Grey relation analysis method has been proposed and used to optimise the machining parameters of WEDM. A face centred cubic design is used for conducting experiments on high speed steel (HSS) M2 grade workpiece material. The regression model of significant factors such as pulse-on time, pulse-off time, peak current, and wire feed is considered for optimising the responses variables material removal rate (MRR), surface roughness and Kerf width. The optimal condition of the machining parameter was obtained using the Grey relation grade. ANOVA is applied to determine significance of the input parameters for optimising the Grey relation grade.
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Introduction
Wire electric discharge machining (WEDM) process has opened a new swing in the manufacturing sector. Non-traditional machining processes changed the whole scenario of manufacturing industries. Traditional machining processes are rapidly replaced by non-traditional methods for achieving better production rates and quality. One of the successful methods is WEDM, which is based on the conventional electric discharge machining (EDM). The principle remains the same for WEDM as in conventional EDM, a thermoelectrical process. WEDM process involves the erosion effect by rapid repetitive and discrete spark discharges between the wire tool electrode and work piece in a liquid dielectric medium. Manufacturing the parts of high quality at high production efficiency is the main objective of WEDM process. Selecting the appropriate machining parameter for high quality product is very difficult. Much research is not found in the field of WEDM to find the optimum parameter; in the present research, GRA is used to find the response variable of WEDM. An attempt is made by Majhi et al. (2013) for the determination of the optimal process parameters material removal rate, surface roughness and tool wear rate for EDM process. Modelling and optimisation of WEDM were given by Kumar and Kumar (2013) . To find the optimum surface roughness, they used to input parameters such as Time On, Time Off, Wire Speed and Wire Feed. Taguchi techniques have been used for optimisation of minimizing the SR. Due to multiple variables, an extremely trained operator with a modern WEDM is rarely to achieve the optimal performance. Pasam et al. (2010) conducted research to solve this problem to determine the relation among the responses and its parameter. The most important responses in WEDM are metal removal rate, workpiece's surface finish, and kerf width. Discharge current, pulse duration, pulse frequency, wire speed, wire tension, and dielectric flow rate are some of the machining parameters which affect the responses. The gap between the wire and work piece is also an important in wire EDM and it usually ranges from 0.02 to 0.075 mm given by Mahapatra and Patnaik (2007) . Taguchi-based Grey relational analysis, to find the optimal process parameter setting for multi-matrix composite using molybdenum wire of 0.18 mm diameter, as electrode is applied by Lal et al. (2015) . Similar technique for optimisation was used by Shivade and Shinde (2014) for D3 tool steel material. Nayak and Mahapatra (2016) applied an artificial neural network (ANN) model to determine the relationship between input parameters and performance characteristics for taper cutting of deep cryo-treated Inconel 718 with cryo-treated coated Bronco cut-W. In wire electrical discharge machining process 0.2 mm diameter wire electrode was used. Jaganathan et al. (2012) optimised the wire EDM parameter and responses MRR and surface finish for EN31 is done by Taguchi L27 orthogonal array (OA). Singha and Pradhan (2014) conducted experiment through Taguchi method and response surface methodology is applied to estimate the optimum machining condition within the experimental constraints. Varun and Venkaiah (2014) used an optimisation strategy by coupling Grey relational analysis (GRA) with genetic algorithm (GA) to optimise the response parameters. Experiments were conducted on EN-353 work material to study the effects of input parameters. Zinc-coated copper wire with 0.25 mm diameter is used as an electrode. The response parameter such as material removal rate (MRR), the surface roughness (SR), and kerf width is observed. Saha and Mondal (2016) applied an optimisation technique combining Grey relational analysis with principal component analysis to identify the optimal combination of process parameters in WEDM for machining nanostructured hard facing materials. Sinha et al. (2015) used Taguchi method for single objective optimisation and then the signalto-noise (S/N) ratios obtained from Taguchi method have been further used in principal component analysis (PCA) for multi-objective optimisation. Huang and Liao (2003) applied Grey relational analyses with L18 mixed orthogonal array to determine the optimal selection of machining parameters for the wire electrical discharge machining process. Baig and Vankaiah (2001) applied Taguchi and Grey relation analysis to find the optimal parameter settings for WEDM for a nickel-based alloy.
This work investigates and optimizes the potential process parameters influencing the MRR, SR and kerf width while machining HSS M2 alloys using WEDM process. This work involves study of the relation between the various input process parameters like pulse-on time (T on ), pulse-off time (T off ), pulse peak current (IP), and wire feed. The RSM method, a powerful experimental design tool, uses a simple, effective, and systematic approach for deriving the optimal machining parameters. Further, this approach requires minimum experimental cost and efficiently reduces the effect of the source of variation. An inexpensive and easy to operate methodology must be evolved to modify the machined surfaces as well as to maintain accuracy. RSM methodology by face centred design is used for conducting the design of experiments to optimise the experimental values for machining HSS M2 alloys by WEDM. A Grey relation approach is used to combine all the response in single response for optimisation to achieve single operating optimal condition for all the response MRR, SR and Kerf width.
Experimentation detail
Chemical composition of the material HSS-M2 is shown in Table 1 . Two high speed steel plates of 100 mm 9 90 mm 9 7.2 mm size are tempered in furnace to increase its hardness. It was hardened to 60 HRC. Then, with the help of WEDM it is sectioned into 20 mm 9 30 mm and it is weighed. Then, the sample is mounted on the EZEECUT NXG machine tool and specimens of 10 mm 9 10 mm 9 7.2 mm size are cut by molybdenum wire of 0.18 mm diameter. Experimental setup of EZEECUT NXG machine is shown in Fig. 1 .
The different levels of a factor consider for this study are depicted in Table 2 . The fixed process parameter is voltage, molybdenum wire, HSS M2 work material, deionised water as dielectric fluid, wire tension, dielectric pressure, etc.
Measurement of responses
Material removal rate MRR (metal removal rate) determined the economics of machining and rate of production. The material removal rate (g/min) is calculated by weight difference of the specimens before and after machining. Mathematical formula used for measuring MRR for all experiments is given below:
where W i , W f is the initial and final weight of workpiece material (g), respectively, and t is the time period of machining in minutes.
Surface roughness
Roughness is a measure of the texture of a surface. It is measured (lm) using Veeco Optical Profiler model NT 9080. Figure 2 shows a captured image of surface roughness of sample at parameter 20 ls, 15 lm, 1 A, 50 mm/s of T on, T off , IP, and W f, respectively.
Kerf width
It is a measure of the amount of the material that is wasted during machining; it also affects the offset condition and thereby dimensional accuracy. For present experiments, kerf width has been measured using Mitutoyo Toolmaker's Microscope model TM 500. It is measured in mm. As shown in the Fig. 3 . Experimental results for four parameters in uncoded units with measurement of response (Material Removal Rate MRR, Surface roughness, Kerf width) are shown in Table 3 . 
Grey relation analysis
GRA is a decision-making method based on Grey system theory firstly technologically advanced by Deng (1982) . In Grey theory, black means a system with insufficient information, while a white system represents complete information. However, the Grey relation is relative to partial information and is used to characterise the degree of relationship between the sequences so that the distance of two factors can be measured individually. When experiments are uncertain or if the experimental method cannot be performed accurately, Grey analysis contributes to compensating for the lack of statistical regression. Therefore, Grey relation analysis is an effective means of analysing the relationship between less-than-data sequences and can analyse many factors that can overcome the drawback of the statistical method by Pradhan (2013) . In the Grey relational analysis, experimental data, that is the measured quality characteristics, are normally normalised in the range from 0 to 1. This process is called Grey relational generation. Based on these data, the Grey relational coefficients are calculated to represent the correlation between the (best) ideal and the actual normalised experimental data. The overall Grey relational grade is 
Grey relational generation
There are three different types of data normalisation according to the requirement of LB, HB, or NB criteria. MRR follows the HB criterion. So, the normalisation of original sequence of the response is done as follows:
where y Ã i k ð Þ is the normalised data, i.e. after Grey relational generation, y i k ð Þ is the kth response of the ith experiment, min y i k ð Þ is the smallest value of y i k ð Þ for the kth response, and max y i k ð Þ is the largest value of y i k ð Þ for the kth response. Surface roughness and Kerf width follow the LB criterion. Accordingly, the normalisation of these responses is done as follows:
Grey relational coefficient
The Grey relational coefficient is given as:
where 2 i k ð Þ is the Grey relational coefficient of the ith experiment for the kth response, D 0i ðkÞ ¼ y
, and
and -ð0 k -1Þ is the distinguishing coefficient and -¼ 0:5 is generally used. 
Grey relation grade
The Grey relational grade (C i ) is calculated by averaging the Grey relational coefficients:
where Q is the total number of responses. A high Grey relational grade corresponds to intense relational degree between the given sequence and the reference sequence. The reference sequence, y Ã 0 k ð Þ, represents the best process sequence; therefore, higher Grey relational grade means that the corresponding parameter combination is closer to the optimal setting (Table 5) .
Multi-response optimisation by Grey analysis
The following Table 4 shows the experimental number along with the result of MRR, SR, and Kerf width. Grey relation coefficient for the three responses MRR 2 i ð1Þ, SR 2 i ð2Þ, and Kerf width 2 i ð3Þ has been calculated and shown in the Table 4 corresponding to MRR, SR, and Kerf Width using Eqs. 1, 2 and 3.
From Eq. 4, the three-response is converted into single response, i.e. Grey relation grade. It has been calculated, corresponding to parameter T on , T off , current and wire feed by passing the response MRR, SR and Kerf width.
The purpose of distinguishing coefficient is to expand or compress the range of the Grey relational coefficient. The distinguishing coefficient can be selected by decision maker judgement, and different distinguishing coefficients usually provide different results in GRA. They led to the same optimum factor levels. In this case distinguishing coefficient is taken as 0.5. Figure 2 shows that Grey relation grade should be found near 0.8 (Table 5 ).
In Table 6 , it is shown that P value of model is linear and less than 0.05, so these terms are significant, square and 2-way interaction P value is more than 0.05 so these terms are non-significant, and non-significance lack of fit is desired in this case value of LOF that is 0.419 which is more than 0.05 and non-significant. The coefficient of determination (R 2 ) which indicates the percentage of total variation in the response explained by the terms in the model is 87.96% (Fig. 4) . In Fig. 5 , it is observed that GRG is maximum at a lower value of T on and a high value of T off .
It is noticed from the Fig. 6 response surface plot that GRG is maximum at middle value of current and a higher value of T on .
From Fig. 7 , it is clearly noticed that GRG is maximum at lower value of T on and at higher value of D (W f ).
ANOVA is applied to get the percentage of contribution of different parameter and their interactions. The percentage contribution is calculated by sum of each square parameter with total sum of square. The lack of fit is 11.66% while pure error is 0.38% (Fig. 8) .
Response optimisation of GRG and optimal parameter setting Predicted GRG responses = 0.855339 Desirability = 0.771792 For the above predicted response, the optimal parameter setting obtained is shown in Table 7 .
Conclusion
In this paper, the performance parameters namely metal removal rate, surface roughness and kerf width are investigated by varying the machining parameters on workpiece HSS M2 grade steel. Molybdenum wire of 0.18 mm diameter is used as an electrode in WEDM. The performance parameters of pulse-on time (T on ), pulse-off time (T off ), peak current (IP) and wire feed rate (W f ) are analysed. FCCD based on RSM is used for experimental 
